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Sum mary
Hantavirus has been isolated in cell culture from rat immunocytomas used and stored 
at a research laboratory in the U.K. where there was evidence of a laboratory-acquired 
infection leading to haemorrhagic fever with renal syndrome. Both transplantation into 
L O U /M /W sl  rats and storage of passaged immunocytomas at —70 °C over a period 
of 8-10 years had not eliminated the virus. The isolates were identified as Hantavirus 
by means of serum obtained from patients with hantavirus infection as well as 
polyclonal serum derived from laboratory animals. This paper identifies a potential 
source of hantavirus infection in laboratories. The importing of rats, rat immuno­
cytomas and anti-immunocytoma serum in relation to the potential risks of laboratory- 
acquired hantavirus infection is discussed.
Introduction
H aem orrhag ic  fever w ith  renal syndrom e (H F R S )  is a collective nam e for a 
viral infection of  h u m an  beings and  w hich  has various clinical m an ifes ta tions .1’ 2 
T h e  severe form  of the disease w ith  acute renal failure and  haem orrhag ic  
features has been rep o r ted  as K orean  haem orrhag ic  fever (K H F )  in K o re a ; as 
ep idem ic haem orrhag ic  fever (E H F )  in Japan  and  C h in a ;  and  as neph roso -  
nephri t is  or haem orrhag ic  fever w ith  renal syndrom e in the  U .S .S .R .  A m ild  
non -haem orrhag ic  n ep h ro p a th y  has been described  as n ep h ro p a th ia  epidem ica 
(N E ) in Scandinavia and  the E u ro p ean  p a r t  o f  the  U .S .S .R .
In  1976 a virus n am ed  H an taan  was isolated from  an Asian fieldmouse 
(Apodemus agrarius corea) t rap p ed  in K o re a .3 T h is  virus was considered  to be 
the  aetiological agent o f  K H F .  Since H an taan  virus has been show n to grow 
in a h u m a n  lung carcinom a cell line (A 549)4 and  in Vero E 6 cells5 m any  o ther 
re lated  isolates have been  discovered w hich  now  form  the  newly p roposed  
genus Hantavirus6 o f  the  family B unyav ir idae .7 Between 1981 and  1983 some 
67 s trains of  Hantavirus were isolated in various parts  o f  C h ina  from  roden t  
and  h u m an  sources. In  addition , o ther  hantaviruses  have been isolated 
th ro u g h o u t  the  w orld  from  patien ts  w ith  K H F  in K o rea 8 and  E H F  in C h in a .9 
M an y  Hantavirus strains have been ob ta ined  from  u rb a n  rats in K orea , Japan  
and  C h in a , 10 w h a rf  rats in the  U .S .A . and  S ou th  A m erica , 11 laboratory  rats in 
Tapan,12 and  mice in K orea , C hina, U .S .A .,  Sw eden and  the  E u ro p ean  parts  
o f  the  U .S .S .R .13
Epidem iological studies have recognised han tav irus  infections to be an
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asym ptom atic  infection of  wild roden ts  (rats, mice and  voles) in m any  parts  
o f  the  world. R ecen t examples o f  infection am ong  u rb a n  and  laboratory  rats 
suggest the  m ovem en t o f  animals carrying han tav irus  to centres o f  h u m an  
popula tion . M an y  recorded  cases of  han tav irus  infection am ong laboratory  
personnel in contact w ith  roden ts  have alerted  the  scientific com m unity  to the 
potentia l risks of  w orking w ith  these laboratory  an im als .14-17
D u r in g  our  studies o f  han tav irus  infection o f  laboratory  personnel at the 
In s t i tu te  o f  C ancer R esearch  (IC R ), U .K . ,  m ateria l from  rats was exam ined 
in an effort to de te rm ine  the  source o f  the  virus.
Materials and methods
Cells
Vero E 6 cells ob ta ined  from  D r  J. M cC orm ick , C D C  A tlanta , U .S .A .,  were 
used  for virus isolation. T h e  cells were grow n in Eagles M E M  w ith  H a n k ’s 
salts supp lem en ted  w ith  1 0 % foetal calf serum , 200 m m ol g lu tam ine, 1 % 
non-essentia l am ino acids, 100 m g  s trep tom ycin  and  100,000 IU /1  penicillin.
Standard hantavirus
T h e  p ro to type  Hantavirus (76 / 118 ) was received from  the A m erican  T y p e  
C u ltu re  Collection (A T C C )  and  bore the n u m b e r  A T C C  938 . T h is  virus was 
originally isolated from  A podem us m ouse lung and  passaged five times in A 549 
cells followed by 16 passages in Vero E 6 cells. T h e  Hantavirus s tra in  C G 18/20 
was kindly donated  by D r  G. van der G ro en  (Prince L eopo ld  In s t i tu te  of 
T rop ica l  M edic ine , A n tw erp , Belgium). I t  had  been initially isolated from  
Clethrionomys glareolus cap tu red  in the w estern  p a r t  o f  the  U .S .S .R .  and  
adap ted  to E 6 cells. O n  receipt, b o th  viruses were m ain ta ined  and  passaged 
in E 6 cells.
Standard antisera to hantavirus
C onvalescent-phase  h u m an  sera from  confirm ed han tav irus  patien ts  was 
supplied  by D r  J. D a lrym p le  (F o r t  D etr ick , U .S .A .) .  M ouse ,  rab b i t  and  
n o n -h u m a n  p rim ate  an ti-han tav irus  sera (76/118  and  C G 18/ 20) were raised 
in ou r  own laboratory.
Standard reovirus antisera
R ab b it  antisera raised against Reovirus strains 1 , 2 and  3 were supp lied  by the 
S tandards  L abora to ry ,  C en tra l  Public  H ea lth  L abo ra to ry ,  Colindale.
Sero-survey o f laboratory personnel
S erum  samples were collected from  several persons w orking  in a cancer 
research  institu te  and  screened against han tav irus  isolates by an indirect 
im m unofluorescen t an tibody  (IF A ) test. T h e  groups of  people s tud ied  are 
described  in T ab le  I.
Imported sera from LOU/M /W sl rats
In  add ition  to im m unocy tom as being available, L O U  ra t sera from  Belgium 
(dated  1974- 1977 ) were also received by various U .K .  laboratories (T ab le  I I )
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T a b le  I Detection of antibodies against different hantavirus antigens in sera from  
personnel associated with a laboratory-acquired hantavirus infection at the 
Institute of Cancer Research, Sutton , U.K.
Personnel*
Area
employed
Immunofluorescence titre
W. U.S.S .R.  Korea U . K . f  
C G  18/20 76/118  H 97
Group  A
Worked with A.P. Animal Uni t 128 512 512
L O U / M / W s l S.B. Animal Uni t 32 256 256
rats and R.B. Animal Unit 8 128 128
immunocytomas
Group  B
Did  not work with S.D. Animal Uni t <  8 64 64
L O U  rats or S.E. Animal Uni t <  8 128 256
immunocytomas G.B. Animal Uni t <  8 64 64
E.J. Animal Uni t <  8 128 256
L.G. Animal Uni t <  8 64 64
Group  C
Worked with J.P. Laboratory <  8 <  8 <  8
rat immunocytomas C.D. Laboratory <  8 <  8 < 8
but not rats J . S 4 Laboratory <  8 64 64
S.H. Laboratory <  8 <  8 <  8
Group  D
Worked in I.M. Laboratory <  8 <  8 <  8
laboratory C.B.A. Laboratory <  8 <  8 <  8
building but D.D. Laboratory <  8 <  8 <  8
not with L O U
rats or tissue
Group  E
Employed since K . D . \ / <  8 <  8 <  8
1981 S.P. Laboratory
< 8
<  8 <  8
P.H. } and /o r
< 8
<  8 <  8
C.H. Animal Uni t < 8 <  8 <  8
P.D. ) l <  8 <  8 <  8
* All sera were taken in 1984 from personnel who were present in the building at the time 
of the laboratory-acquired infection with the exception of Group  E. 
f  Result similar with U .K .  isolates H 96, H 98 and H 99.
$ Main laboratory worker involved with immunocytoma processing.
and  exam ined by IF A  tests against Hantavirus  s tra in  7 6 -118  (Korea), 
C G  18/20 (U .S .S .R .)  and  our  own U .K .  isolates. T h e  sera were derived  from  
L O U /W s l  rats w hich  had  been im plan ted  w ith  various im m unocy tom as
(T ab le  II) .
Immunofluorescence staining
T h e  IF A  test p rocedure  as ou tlined  by M cC o rm ick  and  colleagues5 was 
followed. S tandard  positive and  negative sera were included. T h e  fluorescent 
conjugate was supp led  by M iles L abora to ries  L td .
1 2 0 G. LLOYD AND N.  JONES
T ab le  I I  Detectio?z of antibodies against different hantavirus antigens in 
L O U / Wsi rat sera originally imported from Belgium by three U.K. 
laboratories using the indirect immunofluorescence assay
IF  antibody titre
Belgian sera ---------------------------------------------------------------
from rats West U .K.
with implanted U.K.* U.S.S.R. Korea -
immunocytomas laboratories C G  18/20 76/118 H 95 H 96 H97 H 98
I R 22 0 , B < 8 1024 2048 1024 N.D. IO24
I R 31 S 128 1024 2048 1024 IO24 IO24
I R 33 S 256 2048 512 1024 512 IO24
I R 162 0 , B , S <  8 2048 1024 2048 IO24 IO24
I R 202 B,S <  8 512 256 128 64 128
1R 314 O < 8 512 256 256 128 256
IR 418 B < 8 256 128 256 64 256
IR461 S <  8 512 1024 512 128 512
I R 1060 B <  64 1024 512 N.D. IO24 N.D.
* O, Oxford University Depar tment  of Pathology; B, Bristol University, Depar tment  of 
Veterinary Medicine;  S, Institute of Cancer Research, Sutton.
N.D., Not  done.
Specimens for virus isolation
A n u m b e r  of  ra t im m unocy tom as (T ab le  I) w hich had  been s to red  at — 70 °C 
were examined. T h ese  tu m o u r  cells were of  varying passages and  were dated  
betw een April 1977  and  F eb ru a ry  1983 . T h e  original im m unocy tom as had  
been received from Belgium  in 1974 and  were derived from  the L O U /W s l  rat 
strains.
T h e  im m unocytom as had  been passaged in colonies of  L O U / M / W s l  rats 
also ob ta ined  from  Belgium. L a te r  transp lan ta tions  of  im m unocy tom as were 
achieved by m eans of  the same rat s train  derived from  com m ercial sources in 
the U .K .
Virus isolation
T h e  solid im m unocy tom as were hom ogenised  in a small quan ti ty  of  E M E M  
w ith  the aid of a b lender ru n  for 2 m in  w ith in  a Class I I I  safety cabinet. T h e  
hom ogenate  was clarified by centrifuging  at 1000 r .p .m . for 10 m in  in a
D enley  centrifuge having a ro to r  w ith  sealed buckets. T w o  procedures  were 
adop ted  for isolating the virus. F irs tly , 0-25 ml su p ern a tan t  from  the clarified 
hom ogenate  was inoculated into a 25 cm 2 flask conta in ing  a m onolayer o f  E 6 
cells. A fter adsorp tion  for 1 h at 37 °C, 4 75 ml g row th  m ed iu m  were added. 
Secondly, 0 5 ml hom ogenate  was m ixed w ith  4 5 m l o f  a suspension  of E 6 cells 
(5 x i o 5 ml), in troduced  into a 25 cm 2 flask and  incuba ted  at 37 °C. A fter 48 h 
the m ed iu m  was changed. F u r th e r  changes of  m ed iu m  were m ade  according 
to the condition  of the  cells. T h e  presence o f  antigens was detected  by m eans 
of  IF A  tests.
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R esults
L aboratory-acquired hantavirus infection
Betw een January  and  Ju ly  1977  four people  who w orked  in an anim al suite 
housing  L O U / M / W s l  rats developed sym ptom s similar to those o f  han tav irus  
infection. T h e se  persons had  been  exposed to the rats from  April 1975 , the  tim e 
w hen  they were in troduced  from  the U nivers i ty  of  L ouvain , Belgium. F ro m  
early 1976 , ra t  im m unocy tom as also were in troduced  from  L ouva in  for passage 
into the L O U / M / W s l  s tra in  of  rat, the  p rocedures  being pe rfo rm ed  by the 
same persons. T h e  work w ith  rats and  im m unocy tom as was done w ith in  a small 
confined anim al u n it  conta in ing  a ra t  opera ting  thea tre  and  w ith  an adjacent 
p o s t-m o r tem  (P M ) room  in w hich  the four persons w orked  for long periods. 
U n w a n te d  ra t tissue and  carcases were p laced in an au tom ated  m acera tor 
(s ituated  in the  P M  room ) before disposal into the dom estic  sewerage system. 
T h e  m acera to r  did  n o t  have any safety lock or seal on the  lid and  was frequently  
opened  m id-cycle  to add  fu r th e r  animal tissue. T h e  ventilation flowed from  
in p u t  vents in the ceiling over the  m acera to r  and  tow ard  the exit vent s ituated  
by the door. T h is ,  coupled  w ith  back-track ing  o f  m acera to r  waste into the 
opera ting  thea tre  sink, could  have resu lted  in the generation  and  emission of  
aerosols into the im m ediate  vicinity, inc lud ing  corridors  and  o ther  room s of 
the  anim al unit.  Such practices tha t  m ay have created  an aerosol have since 
ceased.
T h e  clinical illness observed  in these workers ranged  from  m ild  to severe. 
T h re e  o f  the four were in hospital for 2-3 weeks and  all req u ired  additional 
4 -13  weeks o f  convalescence. All o f  th em  had  clinical features o f  classical 
K H F — an early toxic reaction  characterised  by fever, myalgia, weakness, 
petechiae, sore th roa t ,  dysphagia  and  d iaphoresis , oliguria, p ro te inuria ,  raised 
b lood urea  n itrogen , and  diuresis w ith  fluctuating electrolyte concentra tions 
and  varying degrees of  anaemia. All com pla ined  of abdom inal d iscom fort 
toge ther  w ith  kidney pain. T w o  of th em  developed aneuria  w hich  requ ired  
haemodialysis. T h e  fo u r th  person  had  a m ild  attack w ith  an acute phase lasting 
only 6-7  days and  was trea ted  at home.
S erum  was no t  available from  the  period  o f  illness from  any o f  the patien ts  
b u t  th ree  samples o f  se rum  ob ta ined  d u r in g  1984 were tested  for antibodies 
and  the results are show n in T a b le  I (G ro u p  A). S erum  was no t  available from  
the  fo u r th  pa tien t,  a visiting research  w orker from  overseas at the  tim e of the 
laboratory  ou tbreak , since he had  re tu rn ed  hom e before our s tudy  began. O ther  
laboratory  personnel who w orked  d u r in g  the  same period  were also s tud ied  
re trospectively ; data from  a represen ta tive  sample w ith in  each g roup  are show n 
in T a b le  I. W ith in  G ro u p  B, five o f  six people found  to be seropositive to 
han tav irus  had  w orked in o ther  parts  o f  the  anim al u n it  and  had  no t  had  any 
d irect contact w ith  the L O U  rats or the ir  tissues. T h e  com bined  serological 
data o f  G ro u p s  A and  B show th a t  n ine  o f  the  ten  workers (9 0 % ) associated 
w ith  the anim al u n i t  d u r in g  the period  of  the  infection had  significant titres 
o f  han tav irus  antibodies. I t  should  be no ted  tha t  five of  these workers d id  no t  
rep o r t  any ill effects suggesting the  possibility  o f  a labora to ry-derived  inapparen t  
infection. S tudies o f  o ther  persons w orking  w ith in  the  laboratory  b u t  no t  w ith
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T a b le  I I I  Isolation o f hantavirus from immunocytomas derived from  
L O U / M /W s l  rats at the Institute for Cancer Research, Sutton , U.K.
Immunocytoma Date Pass No. Isolation
Primary 
isolation (days)
I R 31 9 Aug 77 P5 — •
1R 33 2 May 77 P4 + 27
22 M ar  78 P 2 + 18
7 Apr 78 P3 + 18
1R 162 18 Aug 77 P 2 + 18
26 Jan 78 P 2 + 27
I R 202 26 Jun  80 P3 ----- •
19 Dec 80 P 2 ----- •
7 M ar  83 P4 ----- •
1R473 i Apr 77 P i + 22
30 Jan 81 P l I + 15
IR 461 4 Feb 79 P i + 35
25 Feb 83 P? + 34
IR 490 6 Apr  77 P i + 29
23 Feb 78 P l 8 27
animals revealed only one w ith  seroconversion, a person  in G ro u p  C and  whose 
contact was confined to hand ling  im m unocy tom as rem oved  from  rats. D irec t  
contact w ith  the animals was never m ade  because the  person  concerned  was 
allergic to animal fur. H e r  only exposure  was th ro u g h  hom ogenis ing  the  solid 
im m unocy tom as in the  laboratory , a p rocedure  w hich  was confined to a small 
area designed for tha t  purpose . T h e  rem ain ing  five workers in the laboratory  
were n o t  involved w ith  processing  im m unocy tom as. T h e  hom ogenisa tion  
p rocedure  suggested additional risks from  aerosol transm ission  o f  infection. 
G ro u p  D  consisted o f  12 laboratory  w orkers based in o ther  parts  o f  the  
build ing . H an tav irus  antibodies were n o t  found  in the ir  sera indicating  tha t  
han tav irus  infection had  been confined to those people associated w ith  the  
anim al u n i t  (G roups  A and  B) or w ith  the  laboratory  processing  o f  im m u n o ­
cytomas derived  from  L O U  rats (G ro u p  C).
In  n ine  persons em ployed  since 1981 (G ro u p  E) and  w orking  in b o th  the 
laboratory  and  the animal u n i t  there  was no t  any evidence of  seroconversion 
to han tav irus . N o n e  of these had  w orked  w ith  L O U  rats or im m unocytom as.
C om para tive  serological data p resen ted  in T a b le  I also show  a greater  affinity 
for the  K orean  and  U .K .  isolates than  for the U .S .S .R .  hantavirus.
R ecovery o f  hantavirus
T h e  only m aterial s tud ied  and stored  by the laboratory  workers d u r in g  the 
period  of  in terest (1975 onw ards) consisted o f  several ra t  im m unocy tom as 
w hich  had  been  p ropaga ted  in L O U / M / W s l  rats. H an tav irus  could  be 
dem onstra ted  in these im m unocy tom as (T ab le  I I I )  w hen  p r im ary  cultures 
were m ain ta ined  for be tw een  15 and  34 days after inoculation. S u b seq u en t
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passage of the isolates in E6 cells reduced the period required for isolation of 
virus to 5-9 days (3rd passage). The antigen was detected in the cytoplasm by
I F A  tests on day 2 as fine granules of fluorescence increasing in intensity by 
day 9 to give an average mean viral titre of io 6 8 pfu/ml.
It will be noted (Table III) that hantavirus was isolated from batches of 
immunocytomas dated between 1977 and 1983. The passage of these immuno- 
cytomas into the L O U  rats during that period revealed a perpetuating source 
of hantavirus within the laboratory since they were still found to be viable even 
after storage in liquid nitrogen for between 2 and 8 years.
Serological response o f  rats originating in B elgium
The data presented in Table II demonstrate that the imported Belgian sera 
had IF  antibody titres to hantavirus ranging from 256 to 2048 suggesting that 
these rats had been exposed to hantavirus. Similar serological reactions with 
sera from laboratory staff and the Belgian L O U  rats were apparent when tested 
against U .K . and Korean isolates.
C onclusion
Epidemiologists from the Soviet Union and Scandinavia have suggested that 
the route of transmission of hantavirus to human beings is by infective excreta, 
particularly urine. Hantavirus infection of laboratory personnel in a Moscow 
Institute was thought to originate from colonies of wild Clethrionomys glareolus 
(vole) via aerosols created in the animal storage area of the laboratory. Reports 
of Japanese laboratory infections confirm the aerosol route as the means of 
transmission to human beings from Wistar rats. The present investigation 
supports this view and demonstrates an additional risk from the removal, 
processing or transplantation of rat immunocytomas.
T w o reports from Belgium15 and the U .K .17 have implicated the involvement 
of L O U /M /W sl rats in human laboratory infections. Both institutes concerned 
were involved with studies on tumour immunology. The L O U /W sl strain of 
rat consists of albino rats which originated from Wistar stock (derivation 
uncertain) and which have been inbred since 1956.18 This inbred stock has 
shown a high incidence of spontaneous tumours secreting monoclonal im­
munoglobulins. These tumours are described as ileocaecal immunocytomas 
in recognition of the site of origin of the tumour. They have the capacity to 
synthesise monoclonal rat immunoglobulins. These immunocytomas are trans­
plantable in histocompatible animals and their secreting properties are 
maintained over many passages. The LO U /W sl strain of rat has been regarded 
as a suitable model for the study of neoplastic transformation in 
immunoglobulin-secreting plasmocytomas, this being a valuable experimental 
model in cancer immunology and in molecular biology.
A  suggestion of tumours being involved in the transfer of hantavirus during 
their transplantation into laboratory rats was made in the Belgian study but 
characterisation of the tumours and the rats was not recorded. The isolation 
of a virus was not reported. In a Japanese study, hantavirus was isolated from 
a histocytoma derived from Fischer rats in which the tumour had been induced 
chemically by 4-nitroquinoline-N-oxide.19
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In the present study virus has been isolated directly from rat immunocytomas 
thereby identifying the source of the U .K . laboratory hantavirus infection at 
the Institute of Cancer Research, Sutton, U .K . All the immunocytomas and 
LO U /W sl rats were originally imported from Belgium in 1975. At various 
times between 1975 and 1985 immunocytomas were transplanted into rats, 
samples of the tumours being taken and stored at —70 °C. The data demon­
strate that the immunocytomas retained their infectivity during transplanta­
tion and storage. Thus a reservoir of hantavirus had been retained unnoticed 
for 10 years. Studies at present under way also demonstrate that immuno­
cytomas free of hantavirus became positive when introduced into L O U / C  rats 
persistently infected with hantavirus.
Examination of several different samples of rat anti-immunocytoma serum 
obtained from Belgium by three independent laboratories in the U .K . demon­
strated that all were obtained from a source which was contaminated with 
hantavirus. The rat immunocytomas derived from the same laboratory during 
1974-1975 yielded hantavirus. It has not been possible in this study to 
determine whether the laboratory rats or the original immunocytomas were the 
primary source of hantavirus. Nevertheless, it is important to note that some 
batches of immunocytomas derived from LO U /W sl rats have at some stage 
become infected with hantavirus.
Many of the rat immunocytomas listed are currently being studied in many 
non-microbiological laboratories. On the basis of the results presented here it 
would seem important to have a fully documented history of each immuno- 
cytoma and to determine its hantavirus status.
Attention must also be drawn to the use of laboratory rats in general because 
many workers have demonstrated laboratory and wild rats to be potential 
carriers of hantavirus. Since the rat does not display any observable clinical 
features and is widely used in many scientific disciplines, it would appear that 
a screening procedure to define hantavirus-free stocks is needed.
A  review of rat immunocytomas and of rat colonies would seem to be 
increasingly important when one considers the current interest in rat monoclonal 
antibodies and their application to diagnosis as well as their use in therapy.20 
Development of rat myeloma cell lines enables large amounts of antibody to 
be derived from ascitic fluid, a pre-requisite for clinical trials. As Bazin has 
emphasised, the L O U  rat model forms the basis of this technology.21 Moreover 
it has provided the first rat fusion line (Y3 Ag 1,2,3) and the first rat 
non-secreting non-patented fusion line (IR 983F).
Although limited studies have not so far found any of the lines of rat fusion 
cells to be carrying hantavirus, it is conceivable that these lines may be exposed 
to hantavirus-infected laboratory rats. There is increasing evidence that many 
laboratory and wild rats are proving to have antibody against hantavirus. This 
confirms the need for all rat colonies to be screened before use.
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